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(54) Pneumatic tyre 

(57) A pneumatic tyre with an improved tread por- 
tion having reduced pass-by noise with improved wet 
performances, wherein a central region Y1 of the tread 
between a pair of first circumferential lines X1 is pro- 
vided with a wide circumferential groove (M) having a 
width W1 of from 0.05 to 0.1 5 times the ground contact- 
ing width TW; a pair of middle regions Y2 between the 
first circumferential lines X1 and second circumferential 
lines X2 and a pair of shoulder regions Y3 axially out- 
ward of the second circumferential lines X2 have no cir- 
cumferential groove but axial grooves (G), the axial 
grooves (G) extending from the central region Y1 to the 
tread edges (E) and intersect the first circumferential 
lines X1 at an angle 91 of from 1 0 to 25 degrees and the 
second circumferential lines X2 at an angle 02 of from 
30 to 45 degrees: and each first circumferential line Xt 
on each side of the tyre equator (C) is at an axial dis- 
tance L1 of 0.1 to 0.15 times the width TW, and each 
second circumferential lines X2 on each side of the tyre 
equator (C) is at an axial distance L2 of from 0.325 to 
0.375 times the width TW. 
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Description 

The present invention relates to a pneumatic tyre with an improved tread region capable of reducing pass-by noise 

^ Z£?£EZZ mechanisms es P ecia„y gasoline ^*J^j££ Z££Z£ 
silent tyre is becoming very strong. From an environmental viewpoint. ,t .s effective to reduce the sc ca.u* ipa y 

"%ZZ^Z EStiX«. sound can be ,edu=« by Oeo^ing « ««h « . d^e-sfcl ,™o« 

•^.r^on^ 

lines X2. and the axial grooves intersect the first crcumferentel l.nes X1 at an angte 61 of from 
ings, in which: 

RB.1 is a cross sectional v.ew of a tyre according to the present invention showing an example of the tyre interna. 

40 Rg2 is a partial plan view thereof showing an example of the tread pattern; 

Fia 3 is an enlarged plan view showing another example of the axial groove, . . 

45 80 % in this example 65 %. 

Tbe W . , eompbses. ,s sbo*n in Fig,. . .reed po*n 2 ap* on ^^^l^r£^ 

S " ^cenml .«»n Y1 d the Mad porta 2 is provided »» a< leaston. wide ei.oem.eren.iel oroove M emending con- 
"'"Sn ol S'S v 2 is de.ined b«»een en, o. .be M c—enbs, l*es X. and . seoend o.roun*,- 
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ential line X2 drawn at an axial distance 12 from the tyre equator C. The distance L2 is 0.35 times the ground contacting 
width TW. For the distance L2, a tolerance of plus minus 0.025 TW can be allowed. (L2 = 0.325 to 0.375 TW) 

Each of the shoulder regions Y3 is defined as extending axially outwardly from the second circumferential line X2. 

Here, the ground contacting width TW is defined as the maximum ground contacting width between the axial out- 
ermost edges of the ground contacting area Y when the tyre is mounted on its standard rim, inflated to its standard 
pressure (2.0kgf/sq.cm in this example), and then loaded with 70 % of the maximum load. As the standard rim a rim 
officially approved for the tyre by, for example J ATM A (Japan), TRA (USA), ETRTO (Europe) and the like is used. Also 
the standard pressure and the maximum load are those specified by the same associations. 

The wide circumferential groove M is centred on the tyre equator C, and the groove width W1 thereof is set in the 
range of from 0.05 to 0.15 times the ground contacting width TW. The wide circumferential groove M is independent, 
namely, no groove is connected thereto, and in this example it is a straight groove. Therefore, a big water drainage 
towards the front and rear directions is provided in the central region Yl. However, even if an air tube resonance phe- 
nomenon occurs because the groove M is wide, the resonance sound hardly leaks outside the tyre because no groove 
is connected to the wide groove. 

In this embodiment as the aspect ratio is relatively low and thus the tread is wide, in order to provide additional 
drainage for the tread, the central region Y1 is further provided on each side of the wide circumferential groove M with 
a narrow circumferential groove m extending continuously in the tyre circumferential direction. 

The narrow circumferential groove m is a straight groove, and the groove width W3 thereof is less than 0.05 times, 
in this example 0.02 to 0.035 times the ground contacting width TW. 

Therefore, due to the narrow grooves the drainage from the central region Y1 is further improved without increasing 
the air tube resonance sound because an air tube resonance phenomenon hardly occurs in such a narrow groove. 

The circumferential grooves M and m are preferably straight, but a gentle zigzag or wavy configuration may be 
used. 

The axial grooves G extend across the whole width of the middle region Y2 and shoulder region Y3, and the inner 
end Gi of each axial groove G is connected to one of the narrow circumferential grooves m, and the outer end Go 
thereof is open to the tread edge E. 

The axial grooves G have a relatively narrow groove width W2 of from 0.02 to 0.035 times the ground contacting 
width TW to preclude air resonance noise being generated. 

When the narrow circumferential grooves m are not provided, the inner ends Gi are preferably terminated in the 
central region Y1 without connecting to the central wide circumferential groove M. 

The main part G1 of the axial groove G which is defined as a part in the middle region Y2 intersect or cross the first 
circumferential line X1 at an angle 61 of from 10 to 25 degrees and intersect the second circumferential line X2 at an 
angle 62 of from 30 to 45 degrees. 

In the example shown in Fig.2, the main part G1 is bent in the middle thereof so as to be composed of two straight 
segments. However, it is also possible to form the main part G1 with a smoothly curved single part as shown in Fig. 3. 

The outer part G2 of the axial groove G which is defined as the part in the shoulder region Y3 is inclined at an angle 
3 of from 90 to 60 degrees, in this example 90 degrees with respect to the tyre circumferential direction. Accordingly, 
the axial groove G is bent at the line X2, forming an angle of 60 to 45 degrees. 

In each of the middle regions Y2, the number of axial grooves G which is equal to the number of all the existing 
grooves (exclude sipes) is preferably set in the range of from 25 to 45 in case of passenger car tyres. If the number is 
less than 25, the improvement in wet performance is insufficient. If the number is more than 45, running noise 
increases. 

In each of the shoulder regions Y3 in this example, a lug groove 10 is disposed between the axial grooves G, which 
lug groove 10 is substantially the same as the outer part G2 in respect of the width and inclination angle. Therefore, the 
number of all the existing grooves (exclude sipes) is doubled. 

On each side of the tyre equator C, the axial grooves G are inclined in the same direction. In Fig.2, the inclining 
direction on one side is the same as the other side. However, the inclining direction on one side can be reversed to the 
other side as shown in Fig.4. The tread pattern shown in Fig.4 is otherwise the same as the pattern shown in Fig.2. 

If the groove width W1 is more than 0.15 TW, the resonance noise is liable to leak. If the groove width W1 is less 
than 0.05 TW, the wet performances are greatly decreased. 

If the groove width W2 is more than 0.035 TW, the noise is liable to increase. If the groove width W2 is less than 
0.02 TW, the wet performances are greatly decreased. 

As explained above, the inclination angle of the axial grooves G to the circumferential direction is relatively small in 
the axially inner part. Therefore, in and near the central region Y1. the axial grooves G function as a circumferential 
groove to improve drainage in this region. 

Further, the inclination angle is larger in the axially outer part. Therefore, the groove line is akin to the actual flow 
line of the water discharged sideways from the tread centre, and the resistance to water flow is thus lower. 

Furthermore, the middle and shoulder regions Y2 and Y3 are not provided with a circumferential groove, and the 
axial grooves G have a narrow width and an inclination angle. Accordingly, the occurrence of air tube resonance is 
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20 ComEar^nTests n but different tread patterns were made by way of 

test, and the following tests were made. 
2 5 1 . Wet performance test 

i. Aquaplaning test (cornering) ^ orov ided with a 20 meter length. 5 

ii. Aquaplaning test (straight running) 
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ii. Aquaplaning test (stra.ght runn,ng, djstance fa 

h* «, course having a paved surface provided with a 10 mm deep water pool. 
On a stra.ght test course having a i p wgs measured . 

stop when full brakes were applied at a speed ot «u 



ii,. On-the-snow performance test ^-...ated bv the drivers 



performance. 
2. Pass-by noise test 



2. Pass-by noise test ^ ^ for a 

According to the "Test Procedure for Tyre No^e^ 

. tpct and Steering stability test 

5 o 3. Noise feeling test. R.de comfort test and oerto rmances were evaluated by the test 

performance and pass-by noise. 
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Tread Pattern 


Fig.2 
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Tread width TW (mm) 
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Center wide cjroove M 




















Width W1 (mmi_ 


11.0 


11.0 


11.0 


11.0 


11.0 


11.0 


11.0 


11.0 




W1/TW ratio 
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Narrow groove m 
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W3/TW ratio 
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W2/TW ratio 
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Intersecting angle 0 1 (deg) 
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Intersecting angle 0 2 (deg) 
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No. of grooves 
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Test results 
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Noise feeling 
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Ride comfort 
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Claims 



1 . A pneumatic tyre characterised by a tread portion (2) having a ground contacting width TW provided in a central 
55 region Y1 with a wide circumferential groove (M) having a groove width W1 of from 0.05 to 0.15 times the ground 
contacting width TW and extending continuously in the tyre circumferential direction where the central region Y1 is 
defined as being between a pair of first circumferential lines X1 one drawn on each side of the tyre equator (C) at 
an axial distance L1 from the tyre equator of 0.1 to 0.15 times the ground contacting width TW, wherein the tread 
portion (2) is not provided either in the middle regions Y2 and shoulder regions Y3 with any circumferential contin- 
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o. the middle regions Y2 and one of the sh ou«* ■ egrans % e ^ ddle regi ons Y2 being defined 

a groove width W2 of from 0.02 to 0 035 t.me S ^ 

as between the first drcur^ 

Apneu^ictyreaccording.c.airnlch^^ 
Ylwim a pair of narrow circumferent.al gro^ 

(M ).the narrow crcumferent.al grooves ^^^^ {G) are connected to the narrow circumferenfal 
width TW. and the axially inner ends (Gi) of the axial grooves iuj a 

grooves. 

. a acco,* g » . » a. * ma, * « — — * - — - - 

grooves (G) is in the range of from 25 to 45. 

,4ions VS w«h «.es (- .) ha*, '^^T^ S*2i.lL X1 and X2. ma KM lang* 
£»d coauding width TW saMf, 0.7 S (LC*CW)/TW £ 1 .2. 
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